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Introduction
The strong performance of the United States over the past nine years and the uneven performance of other OECD economies have led to renewed attention to the sources of growth and the determinants of convergence and divergence across OECD economies. Studies over the past year (Scarpetta et al., 2000; OECD, 2000a; Gust and Marquez, 2000) have demonstrated that there is no single factor that explains divergence in growth performance. OECD countries that have improved performance in the 1990s have generally been able to draw more people into employment, have increased investment, and have improved the overall efficiency of labour and capital, or multifactor productivity (MFP).
Information and communications technology (ICT) plays two roles in the growth process, first by contributing heavily to the increase in overall investment, secondly by contributing to MFP growth. The role of ICT investment in growth performance is confirmed by a range of empirical studies, for the United States and several other OECD countries (Jorgenson and Stiroh, 2000; Oliner and Sichel, 2000; Whelan, 2000; Schreyer, 2000; CPB, 2000a; Colecchia, 2001 ). High investment is partly due to the rapid decline in computer prices, which has led to substitution between different types of capital goods. In addition, investment seems to driven by the perceived benefits that firms expect from ICT, such as higher efficiency.
The contribution that ICT makes to MFP growth is more controversial. A debate has ensued in the United States whether the pick-up in MFP is not primarily due to technological progress in the production of ICT goods and services, or whether it also reflects efficiency gains in ICT-using sectors (Jorgenson, 2001) . The difference between these two interpretations of MFP growth is important. In the first view, the rise in MFP is little more than a reflection of rapid technological progress in the production of computers, semi-conductors and related products. In the second view, ICT is a technology that may also assist other sectors of the economy in becoming more efficient and innovative, which might imply that other countries could also achieve some improvement in MFP growth, albeit in a different context than the United States.
The evidence from the US experience is mixed. A few studies attribute the bulk of the recent improvement in MFP to the ICT-producing sector (Gordon, 2000) . OECD work also shows that ICT-producing industries have made significant contributions to labour productivity growth in several OECD countries, including Finland, Japan, Sweden and the United States (Scarpetta et al., 2000) . The relative importance of the ICT-producing sector in different countries, and its growth over time, might thus be one cause for the large differences in growth performance that have been observed in several OECD countries in recent years. Z e a l a n d I r e l a n d D e n m a r k S w i t z e r l a n d A u s t r a l i a C z e c h R e p u b l i c N e t h e r l a n d s F r a n c e P o r t u g a l B e l g i u m J a p a n I t a l y G e r m a n y N o r w a y C a n a d a A u s t r i a F i n l a n d
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A small sector can make a large contribution to growth and productivity performance if it experiences much more rapid volume growth than the remainder of the economy. Bivariate correlations show only a weak, and statistically insignificant, positive relation between the importance of the overall ICT sector (manufacturing and services) in OECD economies and MFP growth. The correlation between the size of the ICT manufacturing sector and MFP growth is somewhat stronger, although it depends heavily on two countries, Finland and Ireland (Figure 2 ). The positive correlation between the size of the ICT manufacturing sector and MFP is not surprising, since the ICT manufacturing sector typically has among the highest rates of technological progress and MFP growth in the economy. However, some countries with a small ICT sector, such as Australia, have also experienced high MFP growth, suggesting that a large ICT sector is not a necessary condition for improvements in MFP growth. While statistics at the aggregate level show some correlation between ICT-related indicators and country-level productivity growth, better links can typically be found at the industry and firm-level. A host of academic studies at the firm level have shown that the use of ICT can make an important contribution to productivity growth, in particular if accompanied by organisational change, upskilling of the labour force and changes in work practices. Brynjolfsson and Hitt (2000) and OECD (2000a) summarise some of this evidence. Further analysis at the firm level is currently underway at OECD (see OECD, 2001b) .
Measurement issues
This study uses the OECD's completely revised STAN database to investigate the role of ICT by analysing productivity growth at a sectoral level and estimate the contributions of ICT-producing andusing sectors to aggregate productivity growth (Box 2). At the time of writing, STAN covers eleven OECD countries (Canada, Denmark, Finland, France, Germany, Italy, Japan, Korea, the Netherlands, the United Kingdom and the United States). New countries are added on a regular basis, depending on the availability of new industry-level data according to ISIC Revision 3.
Box 2. Measuring Labour Productivity and MFP
The productivity measurement in the paper follows the procedures outlined in OECD's Productivity Manual (OECD, 2001c) . Since value added is more widely available in the STAN database than production, productivity measurement in this paper is based on value added. The value-added based measure of labour productivity by industry ( On the input side, aggregation of industry-level labour input is achieved by weighting the growth rates of hours worked by industry with each industry's share in total labour compensation.
Aggregate labour productivity growth is defined as the difference between aggregate growth in value-added and aggregate growth in labour input:
, or the difference between its contribution to total value-added and to total labour input. If j L j VA s s = , total labour productivity growth is a simple weighted average of industry-specific labour productivity growth.
Multifactor productivity growth, on the basis of value added, is computed as the difference between the rate of growth of deflated value-added and the rate of growth of the primary factor inputs. It is straightforward to aggregate industrylevel productivity growth to an economy-wide measure. Aggregation weights are simply each industry's current price share in total value-added.
Source: OECD (2001c).
Measurement problems have a substantial impact on the analysis in this paper. Productivity measurement in the ICT sector varies across countries and is heavily influenced by differences in the use of hedonic deflators, not only in ICT manufacturing, but also in computer services (Box 3). Standardised or harmonised approaches to these problems are not readily available, since the composition of these sectors differs considerably across countries.
Box 3. Price measurement issues in ICT goods
The key measurement problem for the manufacturing of ICT goods on both the output and input side concerns the price measurement of ICT and related goods, i.e. computers, semiconductors and related goods. The main problem is how to statistically capture significant quality improvements associated with technological advances which also affect prices. The use of hedonic deflators is generally considered as the best way to address these problems, and is extensively discussed elsewhere (OECD, 2000c). 3 Among the countries currently covered by OECD's STAN (Structural Analysis) database, several use hedonic methods to deflate output in the computer industry (Canada, Denmark, France and the United States). The production price deflators for the ICT manufacturing sectors (ISIC Rev. 3, No. 30 and 32) are shown in Box Figure 1 . It shows a very rapid decline in production price indices for France and the United States in both industries, and a gradual decline in Denmark since 1984, but relatively little change in the other countries for which data were available.
4 This is likely to reflect to a considerable extent the use of a hedonic deflator in both France and the United States, the use of an adjusted US hedonic deflator by Denmark, and the use of conventional deflators in the other countries.
Adjusting for these differences in computer deflators is difficult, since there are large cross-country differences in industrial specialisation; only few countries produce computers or semi-conductors, many only produce peripheral equipment. The differences in the composition of output are typically larger than in the composition of computer investment, the standardised approaches can be applied under certain assumptions.
5 It is therefore not clear, a priori, to what extent differences in output and value added deflators for these industries are due to measurement (i.e. the use of hedonic deflators) or to differences in industrial specialisation. However, countries that are large producers of computers and semi-conductors, but that nevertheless apply conventional deflators (e.g. Korea), are likely to substantially understate output and productivity growth in this industry.
The measurement of output in the service components of the ICT sector -telecommunications and computer services -also raises problems. The last -and not up-to-date -overview of methods used by statistical agencies to estimate the output of telecommunications shows a large variety (OECD, 1996) . Some countries use consumer price indexes of phone rates to deflate value-added; others use physical quantity indexes of calls, telexes, and other services; and some a composite index of producer price indices for relevant components. Most of these methods do not address the major measurement problems in this sector, i.e. quality change, adjustment for new products and services, the separation of goods and services, and increased price differentiation. A more recent overview of price measures for telecommunications services still shows a considerable variety in measurement approaches across the OECD (OECD, 2000d) .
The final component of the ICT sector, the computer services industry, also creates measurement problems. This sector includes difficult-to-measure services, such as hardware and software consultancy services, and maintenance and repair of computer equipment, but also includes several activities where quality has changed rapidly over time and hedonic deflators might be needed. This includes the development, production and supply of customised and noncustomised software, as well as data processing and database activities. Currently, the United States is among the few countries that applies hedonic methods to estimate price indices for pre-packaged software (OECD, 2000f) . 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Denmark Finland France Italy Korea U.S. 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Denmark Finland France Korea U.S.
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Productivity growth
The importance of the ICT-producing industry in recent growth performance can be examined by analysing sectoral productivity performance and the contribution of each sector to overall productivity growth.
6 Annex Table 4 presents labour productivity growth in the machinery and equipment industry as well as in manufacturing, services and the total business sector. 7 In addition, labour productivity growth in the electrical and optical equipment is presented for the purpose of comparison. It shows that the machinery and equipment industry had considerably higher productivity growth than the manufacturing sector overall in most countries except Denmark in 1995-99 and Italy for all four sub-periods. It also illustrates that labour productivity in machinery and equipment grew much faster in Finland, Korea and the United States than other countries in the 1990s.
8 Labour productivity growth in the electrical and optical equipment industry -two key ICT producers -is higher than that in the machinery and equipment industry in most countries. In general, the manufacturing part of the ICT sector has considerably higher productivity growth than manufacturing overall, whereas the services part of the ICT sector tends to have more rapid productivity growth than the service sector as a whole. The very high productivity growth rates in some parts of the ICT sector are commonly linked to the very high rate of technological progress in this industry. The large variation in performance across countries points, amongst others, to the variation in industrial specialisation within the ICT-sector. Some countries mainly produce computer peripheral equipment, where price declines and technological progress are more limited than is the case in the production of computers and semi-conductors.
The contribution of the machinery and equipment industry to overall economic performance depends not only on the rate of productivity growth, but also on the size of the different components in the economy. It shows that the machinery and equipment industry makes an important contribution to productivity in Finland, Japan, Korea and the United States (Annex Table 5 ). The contribution of the machinery and equipment industry to labour productivity has increased in the second half of the 1990s in several OECD countries, including Finland, Japan and the United States (Figure 3 ). But in spite of the increased contribution of the machinery and equipment industry to overall growth of labour productivity, only France and the United States have shown an improvement in labour productivity growth in the second half of the 1990s.
9 Strong growth in the machinery and equipment industry can thus only provide a partial explanation for overall economic performance. Only Denmark, Finland and Germany have enough data at a detailed industry level to assess the contribution of ICT-producing industries to the total economy.
10 In Finland and Germany, the contribution of the ICT producing sector increased dramatically in the second half of the 1990s compared to the first half the 1990s (Figure 4) . However, the role of the ICT sector in Denmark declined over the same period. 6 .0 C a n a d a D e n m a r k F i n l a n d F r a n c e G e r m a n y I t a l y J a p a n K o r e a N e t h e r l a n d s 1.5 C a n a d a D e n m a r k F i n l a n d F r a n c e G e r m a n y I t a l y J a p a n K o r e a N e t h e r l a n d s Table 4 .
MFP growth in the electrical and optical equipment industry outperformed the total manufacturing sector in the four countries examined since the early 80s.
11 Finland shows a substantial acceleration of MFP growth in both machinery and equipment and electrical and optical equipment in each sub-period. For Finland, the MFP calculations broadly confirm the importance of the ICT sector for overall MFP growth (Annex Tables 6 and 7) ; about 20% of MFP growth over 1995-99 is due to the ICT sector, which is substantially more than in previous periods.
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The importance of the ICT-producing sector for recent growth performance has been confirmed by several national studies. In Finland, the mobile telephone producer Nokia accounted for 1.2 percentage points of GDP growth of 4% in 1999, even though it accounted for only 4% of overall GDP (Forsman, 2000) . Furthermore, labour productivity growth in the ICT services was substantially higher than that in the total economy (Fløttum, 1998) . The Bank of Korea found that 40% of recent GDP growth in Korea came from the ICT sector, five times its 1999 share in GDP (Yoo, 2000) . In the Netherlands, the ICT-producing sector accounted for about 17% of GDP growth over the 1995-98 period, four times its share in GDP (CPB, 2000b) . And a recent study for Canada attributes much of the Canada-US productivity gap in manufacturing to the performance of two sectors, machinery and electronic products, both of which are important producers of IT products (Gu and Ho, 2000) . The ICT-producing sector is thus an important driver of growth and productivity, although certain countries, such as Australia, have improved growth and productivity while being only a very small producer of ICT-related goods and services.
ICT-using industries
The benefits of ICT use Investment in ICT might have benefits going beyond those accruing to investors and owners, for example through network externalities. 13 Where such externalities exist, they can raise overall MFP growth. Investment in ICT can also raise the overall level of information and knowledge which exhibit spillover benefits to market participants. Studies at the firm-level (for example Brynjolfsson and Kemerer, 1996; Gandal et al., 1999) point to spillovers from ICT capital, but it has generally been difficult to confirm these results at the aggregate level.
Some national studies point to the use of ICT as an important factor in improved MFP growth. For the United States, the Economic Report of the President (Council of Economic Advisors, 2000 , Whelan (2000) , Oliner and Sichel (2000) , and Jorgenson and Stiroh (2000) attribute a considerable part of the pickup in MFP growth to sectors of the economy that do not produce ICT, which could point to networks effects arising from ICT use (Box 4). For Australia, there is evidence that increased productivity has been accompanied by greater technology use, including ICT (Productivity Commission, 1999). There are also some studies at the sectoral level that suggest that ICT investment has had impacts on MFP. In the distribution sector, for instance, some studies point to a greater use of ICT in explaining recent productivity gains (Reardon et al., 1996; Broersma and McGuckin, 1999) . (2000) Oliner and Sichel (2000) There are other indications that countries which invest most in ICT, or diffuse it most widely are characterised by higher rates of economic growth and MFP growth. Time series of ICT investment and ICT use are still too short for more sophisticated econometric analysis. Nevertheless, some patterns and insights may emerge from simple correlations. First, both the rate of investment in ICT and the diffusion of ICT technologies (PCs, internet hosts, secure servers) are highly correlated with levels of GDP per capita, suggesting that ICT use has some links to average income levels (Annex Figure 1) . There is also a strong positive correlation between indicators of ICT use, such as the numbers of secure servers, Internet host density, PC density and Internet access costs, and the pick-up in MFP growth in the second half of the 1990s (Annex Figures 2 and 3 ). Countries that have experienced a substantial pick-up in MFP growth in the second half of the 1990s, typically have had a more rapid diffusion of ICT technologies, as well as lower costs of ICT technologies ( Figure 5 ; OECD, 2001a). There is also a correlation between the relative importance of innovative activity in the ICT area -as measured by ICT-related patents taken in the United States -and MFP growth (Annex Figure 4) . The causality of this finding may run in two ways. First, a high rate and innovation in the ICT sector may boost MFP growth directly, in particular if the innovations are linked to ICT goods. Second, the productive use of ICT often needs to be accompanied by specific ICT-related innovations, both regarding hardware and software, to make ICT suited for a specific application. Countries may therefore need to be innovators in the ICT area if they wish to experience higher MFP growth.
One other approach to examining the role of ICT in more detail is by focusing on those sectors that are the most intensive users of ICT. Although computers may appear to be everywhere, the use of ICT is actually highly concentrated in the services sector and in a few manufacturing sectors (McGuckin and Stiroh, 1998) . If the use of ICT is having important effects on MFP, it is likely that heavy users would be the first sectors to experience such effects. 
Measurement issues
Empirical evidence on ICT use by industry is available for several countries, based on capital flow matrices and capital stock estimates. Figure 6 shows relative investment in ICT in the top two-third industries for the United States, Canada, the Netherlands and the United Kingdom. Although industry classifications are different across these countries, a broad generalisation about ICT use can be made. For instance, certain manufacturing industries (e.g. printing and publishing, electronic equipment, machinery and equipment) as well as communications, wholesale and retail trade, finance, insurance and business services, are the largest relative investors in ICT equipment.
In several of the sectors that are important users of ICT, output and productivity are hard to measure. These measurement problems may obscure actual productivity gains (Gullickson and Harper, 1999) . For many parts of the services sector, output measures are of dubious quality, partly because of the lack of basic data. However, measurement problems also arise because services output is often difficult to define (Dean, 1999) . There is little agreement, for example, on the output of banking, insurance, medical care and retailing. In addition, it is difficult to separate service output from the consumer's role in eliciting the output. Such difficulties indicate that the volume and price of services -and changes in their quality -are harder to measure than those of goods. In addition, some services are not sold in the market, so that it is hard to establish prices. In practice, these constraints mean that output in some services is measured on the basis of crude indicators. Several series are deflated by wages or consumer prices or extrapolated from changes in employment, sometimes with explicit adjustment for labour productivity changes. Given these difficulties, adjusting for quality is even more difficult. Measuring productivity in may parts of the ICTusing sector may have become even more difficult due to the use of ICT; it allows greater customisation of services, leading to a greater variety in quality and price, and thus making measurement more difficult.
With better measurement, productivity gains may be considerable. Schreyer (1998) , for example, simulates the effect of quality adjusted price changes in ICT products on productivity growth for selected OECD countries. He concludes that this adjustment raises productivity growth. Fixler and Zieschang (1999) derive new output measures for the US financial services industry (depository institutions). They introduce quality adjustments to capture the effects of improved service characteristics, such as easier and more convenient transactions, e.g. use of ATMs, and better intermediation. Their output index grows by 7.4% a year between 1977 and 1994, well above the official measure for this sector of only 1.3% a year on average. The recent revisions of GDP growth for the United States incorporate improved estimates of the real value of non-priced banking services, which better capture productivity growth in this industry. A similar study for the Netherlands found that labour productivity rose by 5.9% annually between 1991 and 1995 using detailed quantity indicators, compared with 1.4% annually on the basis of the former input-method (De Boer, 1995) .
14 The Council of Economic Advisors (2001) also report that U.S. labour productivity growth in the information technology intensive group was 50% higher than the less intensive group between 1989 and 1999.While some new approaches to measurement in these sectors are being developed , only few countries have made substantial changes in their official statistics to improve measurement. The measurement problems can be seen clearly in the official productivity statistics for several countries, with several service industries showing negative MFP growth over a long period. While negative MFP growth is quite possible over a short period, it is less likely over a long period.
Productivity growth
There are indications that sectors which are intensive users of ICT may contribute to productivity growth through spillover effects. The STAN database distinguishes several of the ICT-using industries that were mentioned above. For the purpose of accounting exercise, those industries that are included as part of the ICT-producing industries are excluded from the ICT-using industries. Moreover, certain manufacturing industries, such as printing and publishing, which are also important users of ICT, are also excluded, since the primary focus here is on services that are intensive users of ICT. Annex Tables 8-11 provide the basic calculations for the key components of the ICT-using services, that include wholesale and retail trade, finance, insurance and business services.
15 Figure 6 provides a summary of the findings as regards labour productivity. Figure 7 shows that Denmark, Finland, Germany, the Netherlands and the United States have experienced an increase in the contribution of ICT-using services to labour productivity growth. Figure 8 presents contributions by two ICT-intensive using industries (wholesale and retail trade; finance, insurance, real estate and business services) as well as by transport and storage. Four countries (Canada, Finland, the Netherlands and the United States) have shown an increase in the contribution of wholesale and retail trade to labour productivity growth while six countries have experienced the increased contribution by the finance, real estate and business services sector. It also shows that the transport and storage industry -not a very intensive user of ICT -did not increase in its contribution to labour productivity growth in any of the countries examined. In Australia, wholesale trade made the largest contribution to the pick up in aggregate productivity growth in the 1990s, further illustrating the impact of ICT led innovation on productivity growth (Gruen, 2001 ).
Finland and the United States are the only countries that experienced a marked improvement in the contribution by both ICT-intensive using industries. A closer examination shows that in the United States, substantially higher productivity growth in wholesale and retail trade, and in finance, insurance and business services explain the strong contribution of ICT-using services to overall performance. Finland experienced substantial productivity gains in wholesale and retail trade and in finance and insurance, but the overall contribution of ICT-using services to productivity improved only slightly, due to a strong negative contribution from business services. The strong improvement in Finland's ICT-using services does, however, emerge from an examination of MFP growth rates (Annex Tables 10 and 11 ). This shows that ICT-using services accounted for just over one-third of the pick-up in MFP growth from 1995-99. This contribution is considerably larger than in the 1970s or 1980s, and is due to strong productivity growth in wholesale and retail trade, and financial intermediation. Figure 9 illustrates the contributions of both machinery and equipment, and ICT-using services to overall productivity growth. Only two countries, Finland and the United States, experienced improvements in the contributions by both machinery and equipment (also ICT-producing in Finland) and ICT-using industries to overall productivity growth in the second half of the 1990s. 6 .0 C a n a d a D e n m a r k F i n l a n d F r a n c e G e r m a n y I t a l y J a p a n K o r e a N e t h e r l a n d s U n i t e d K i n g d o m U n i t e d S t a t e s 1 9 8 9 -9 5 1 9 9 5 -9 9
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Conclusions
This paper has shown that differences in ICT production and use contribute to recent growth patterns across OECD countries. The ICT-producing sector (manufacturing and services) provides a considerable contribution to productivity growth in several OECD countries. It also explains some of the pick-up in productivity growth in the United States in the second half of the 1990s. ICT manufacturing, in particular, has been characterised by very high rates of productivity growth in many countries. Some countries with a large ICT sector (Finland, Ireland) have experienced above-average MFP growth in the second half of the 1990s. However, other countries with a large ICT sector, such as Japan, have seen little change in MFP growth over the 1990s. Moreover, some countries with a small ICT sector, such as Australia, have also observed rapid MFP growth, suggesting that a large ICT sector is not a necessary condition for higher MFP growth in certain national contexts.
There is also evidence for some countries (notably Finland and the United States) that certain ICTusing services have experienced an above-average pick-up in productivity growth in the second half of the 1990s. This may indicate that ICT is starting to have spillovers beyond the ICT sector itself, which is also confirmed by firm-level studies and studies for individual sectors that are heavy users of ICT, such as retail trade, transport and financial services. It remains difficult to attribute productivity improvements in such sectors directly to their investment or use of ICT, partly because data on ICT investment are still scarce for some countries and also because causality is always difficult to establish.
Despite the emerging benefits of ICT, diffusion in some OECD countries has been slow. There are several reasons for this, a lack of ICT skills, limited capacity to adjust the production process to ICT technologies, or poor access to finance, being just three typical ones. Insufficient competition may be another factor, because this can harm efficiency and slow the adoption of new techniques. Indeed, the United States may have benefited first from ICT investment ahead of other OECD countries, as it already had a high level of competition in the 1980s, which it strengthened through regulatory reforms in the 1980s and 1990s. Globalisation, although common to all OECD countries, has added to this process, by forcing firms to look more and more to innovation and technology to help them restructure and thrive.
The available evidence suggests that there have been considerable differences in the costs of ICT investment goods across OECD countries (OECD, 2001a) . Barriers to trade, in particular non-tariff barriers related to standards, import licensing and government procurement, may partly explain these cost differentials. The higher price levels in other OECD countries may also be associated with a lack of competition within countries. In time, however, international trade and competition should erode these cross-country price differences. Policy could help to accelerate this trend, by implementing a more active competition policy and measures to promote market openness, both domestically and internationally.
The investment and diffusion of ICT do not just depend on the cost of the investment goods themselves, but also on the associated costs of communication and use once the hardware is linked to a network. Increased competition in the telecommunications industry, thanks to extensive regulatory reform, has been of particular importance in driving down these costs. It has led to more entrants, greater technology diffusion, improved quality and a higher rate of innovation. This has benefited the industry, as well as the economy as a whole. Countries that moved early to liberalise their telecommunications industry now have much lower communications costs and, consequently, a wider usage and diffusion of ICT technologies than those that followed later on.
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Debate also remains on whether a strong ICT sector is needed to benefit from ICT use (Cohen and Debonneuil, 2000) . Close links between ICT-producers and ICT-users might be needed to develop ICT technologies for specific user needs. But having an ICT sector may not be a prerequisite for growth based on new technology for three reasons. First, proximity to hardware producers may not be as important for ICT users as proximity to software producers and service providers, which are useful to firms needing skills and advice to implement ICT-related changes. Second, much of the production of ICT hardware is highly concentrated, because of its large economies of scale and high entry costs: establishing a new semiconductor plant cost some USD 100 million in the early 1980s, but as much as USD 1.2 billion in 1999 (United States Council of Economic Advisors, 2001). In other words, a hardware sector cannot simply be set up, and only a few countries will have the necessary comparative advantages to succeed in it. The third, and most compelling, point is that several countries characterised by high ICT investment and use, as well as high MFP growth, do not have a large ICT sector. Australia is the clearest example (Gruen and Stevens, 2000) . And one or two other countries that do have a large ICT sector, e.g. Japan, have not been among the high growth countries of the 1990s. In sum, governments should resist believing that deliberately developing an ICT manufacturing sector would be a sure route to improved economic growth. This paper has not resolved all issues and several areas require further exploration Measurement differences across countries and insufficient data on ICT investment and use imply that detailed crosscountry analysis of productivity growth and the role of ICT remains difficult. More precise identification of measurement approaches in the different parts of the ICT-producing and ICT-using sector, combined with sensitivity analysis of the impact of such differences on productivity growth, might be helpful.
There also several empirical extensions of this paper that could help to deepen understanding of the role of ICT. Further expansion of the number of countries covered by the paper, particularly countries that have recently observed a substantial pick-up in MFP growth or that have a large ICT sector (Ireland, Sweden), would be helpful. In addition, analysis of MFP growth as opposed to labour productivity growth for more countries would give better insights in possible spillover effects from ICT. Detailed capital stock data for some OECD countries are about to be released and will be included in STAN once they become available, allowing an extension of the work. In the longer term, estimates of ICT capital stock by industry would allow the analysis of spillover benefits from the use of ICT within a regressional framework.
The policy implications of this work also require further investigation. Understanding how ICT is affecting the "old economy" would help to better understand the future role of ICT-driven growth. Examination of the relationship between competition and ICT would be helpful to the policy debate, as would the identification of government policies that may help realise productivity gains from ICT production and use, e.g. in areas such as competition policy, science and technology policy and other business-related policies. 3. Hedonic deflators are not the only measurement problem for the ICT manufacturing sector. The correct measurement of input prices for these industries is also quite complicated, and demands detailed inputoutput tables as well as hedonic deflators for certain inputs.
NOTES
4. STAN does not include production price indices for Canada.
5.
See Schreyer (2000) and Colecchia (2001) for applications of standardised hedonic deflators to ICT investment.
6.
The STAN database lacks detailed ICT sectoral data on a consistent basis across countries. In order to make an international comparison of the ICT producing sector, we first broaden our analysis to the role of the machinery and equipment industry in aggregate productivity growth and then discuss some key parts of the ICT sector. The machinery and equipment industry includes two key ICT producing industries (ISIC Rev. 
7.
Labour productivity based on hours worked is used whenever possible. For those countries where hours worked is not available at a detail industry level, labour productivity based on person employed is presented. Annex Table 3 compares hourly-based labour productivity growth with employment-based labour productivity growth. The basic qualitative results do not change between the two measurements, especially in the machinery and equipment industry.
8.
As alluded earlier, there exists substantial methodological differences in deflating ICT and related goods across countries which could partly explain labour productivity growth differences. Annex 2 provides a sensitivity analysis of using the US deflator on labour productivity growth.
9.
France has shown an improvement in labour productivity growth in 1995-99 compared to the first half of the 1990s. However, France lacks detailed sectoral data for 1999 thereby limiting a detailed analysis only up to 1998.
10.
Related studies in the U.S. confirm that there has been a substantial increase in contributions from ICT (Jorgenson and Stiroh, 2000; Oliner and Sichel, 2000) . For instance, the US Department of Commerce (1999) estimates that IT industries' output contributed more than one-third of economic growth in the United States.
11.
The OECD STAN database currently only enables MFP calculations -on a value-added basis -for four countries, Canada, Finland, Italy and Japan. This is mainly due to the absence of capital stock data for several countries. Capital stock data for France were recently released and will be included in STAN shortly. US capital stock series from the Bureau of Labor Statistics can also be included for manufacturing industries.
12.
Finland was struck by a large macro-economic shock in the first half of the 1990s. The current upswing in productivity growth may thus partly be due to the business cycle. The increased role of the ICT sector in overall growth seems more difficult to explain by cyclical conditions only.
13.
This term refers to the case where the value of the network with increases the increased number of users.
14. However, the new method does not always lead to higher productivity growth. Recent labour productivity growth estimates with the new method for the Netherlands in 1996-98 produced lower growth rates than calculations based on the old method. (2001) notes that almost 70% of all information technology products are purchased by the wholesale and retail trade, finance, and telecommunications industries.
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16.
The role of competition and some of the policies that can enhance competition with the economy and in areas relevant to the uptake of ICT are discussed elsewhere in greater detail (OECD, 2001c; 2001d) . 
ANNEX 1. TABLES AND GRAPHS
MFP acceleration 1980-90 -1990-99, trend adjusted Internet hosts per 1000 inhabitants, September 1999
Source: Annex Table 1 and OECD (2001a).
Annex Figure 3. ICT use and the pick-up in MFP growth
Note: Correlation coefficient = 0.68; T-statistic = 3.73.
Note: Correlation coefficient = -0.54; T-statistic = -2.58. 
MFP growth 1990-99, trend adjusted % ICT patents granted, 1998
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ANNEX 2. SENSITIVITY ANALYSIS BASED ON THE U.S. DEFLATOR
In order to analyse the sensitivity of using different deflators on labour productivity, the U.S. machinery and equipment value-added deflator is applied to estimate labour productivity across ten other OECD countries. Annex Figure 5 plots value-added deflators for the eleven countries. It shows that Japan experienced a substantial decline in its price in machinery and equipment in terms of the implicit valueadded index since the late 70s. The U.S. implicit deflator remained more or less steady whereas other countries' implicit price index increased over the same period. As alluded earlier, these differences reflect methodological differences in measuring prices in output and input as well as differences in goods produced in machinery and equipment.
The sensitivity of using the U.S. deflator on labour productivity growth is illustrated in Annex Figure  6 (Wyckoff, 1995) . Labour productivity growth based on the U.S. deflator is higher than that based on national deflators in every country except Japan. In addition, the magnitude of the difference between the two measurements is quite large changing qualitative results as well. For example, Finland's labour productivity is fastest over the last twenty years whereas it was in the middle of the pack based on its own deflator. This exercise illustrates the sensitivity of labour productivity estimates to the choice of deflators. It should to be noted that this sensitivity analysis does not claim that the U.S. deflator is the appropriate one to use in comparing labour productivity across OECD countries. It instead argues that further research is needed in investigating the differences in product mix across countries in this industry, before one can reach a more definite conclusion. C a n a d a D e n m a r k F i n l a n d F r a n c e G e r m a n y I t a l y J a p a n K o r e a N e t h e r l a n d s 
